Abstract. This paper provides a novel post treatment method to achieve high conductivity of nano-size silver coatings. Based on the preparation of nano-size conductive ink and conductive circuit, the printed sample and the coated conductive film were treated by series concentrations of silver nitrate solution and hydrazine hydrate solution in this order. The samples were dipped in 1%~20% solutions of silver nitrate and hydrazine hydrate successively, to form the new conductive layer of Ag particles only. It was investigated that the relationship between the thickness of printed and coated layers on photo paper and final conductivity after dipped in two kinds of solutions in turn, which were printed from one to three times and coated by screw (6#). Atomic force microscopy (AFM) was used to characterize the morphologies of as printed and coated samples. The surface sheet resistance of sample was tested by four-probe tester. It was found that when the coated silver conductive ink samples were dipped in 2% silver nitrate solutions and 2% hydrazine hydrate solution at room temperature, the conductivity reaches 0.82Ω/□. The samples with thicker conductive film before dipping need solutions at lower concentration to get high conductivity. The roughness of samples after treatment falls down, as the concentrate of dipping solutions rising. It is therefore considered that the "dip in" method provides an efficient alternative to improve the conductivity of samples.
Introduction
Recently, nano-silver metal particles are of great interest due to their potential applications in microelectronics [1] . The higher density of the electronic component, the thinner printed conductive lines. Therefore, a large number of researches are mentioned on synthesis and post treatment of nano-silver particles with different methods. The common method for preparing the nano-silver particles was chemical reduction while silver nitrate was used as the silver source and polyvinyl pyrrolidone (PVP) as the dispersant [2] .
With the characteristic of direct writing approach, ink-jet printing technique was more and more used in electronic circuits' printing [3] and nano-silver colloid was often used as the conductive ink because of its high conductivity, low cost and easily synthesized. However, the printed silver ink samples required for post treatment to obtain high conductivity. There are some methods to deal with the printed silver ink samples, for instance, sintering of Ag nano particles by heating [4] or laser curing [5] . Herein, heating was used to remove the organic dispersants and solvents, such as PVP, and the remaining active metallic nano particles can then be successfully sintered. In the case of nano-silver ink, heating temperature was often more than 150℃ to remove the dispersants from nano-silver particles and to sinter the rest nano particles [6] . Although the sintering method can enhance the conductivity of the printed samples, yet the heating temperature is too high for many organic devices and printed circuit boards, which are usually unstable when applying the high temperature.
In the current study, we developed a novel post treatment method that without heating or laser curing to removing the dispersant material covering nano-silver particles. And the printed times can be reduced to once which was differ from the report [2] . The changes of microstructures and crystalline before and after the treatments using this method have been studied by atomic force microscopy (AFM) and X-ray diffraction (XRD). The electrical characteristics of the as treated printed samples were also examined.
Experimental
Preparation of Nano-Silver Inks and Coating Process. The nano-silver colloid used here was synthesized in our laboratory by the well-known polyol method, with silver nitrate (AgNO 3 ) as a precursor of silver particles and polyvinylpyrrolidone (PVP) as the protect agent. Then the colloid was made up to nano-silver ink applied to piezoelectric ink-jet printing by adjusting several parameters such as pH value, conductivity, and so on.
Photo paper has a special coated layer which can effectively absorb liquid in the ink, so it was used here to accelerate the drying of silver colloids and guarantee coating waterproof. In the coating process, the nano-silver ink was placed on photo papers, coating slowly by coating rods, and was printed on photo paper by Epson R230 from one to three times. The coated and printed samples were then dried in the air at ambient temperature. Post-treatment. Samples coated and printed were dipped in AgNO 3 solution and hydrazine hydrate solution successively, at ambient temperature. Two kinds of such solutions between 1%~20% were used here. After dipping, the samples were dried. The sheet resistance was measured by a four-point probe (RTS-9, Guangzhou Four-probe Corporation). The surface morphology was observed by atomic force microscopy (AFM, Veeco). X-ray diffraction (XRD, SHIMADZU) of the as prepared samples were also measured.
Results and Discussions
The samples coated with rod (6#) were dipped in different concentration AgNO 3 solution and hydrazine hydrate solution (both at 1%, 2%, 5%, 10% and 20%, respectively) in order, the sheet resistance was shown in Fig.1 . When increasing the concentrations of the two kinds of solutions, the sheet resistance of samples falls to the bottom, 0.82Ω/□, when the concentrations of the two solutions were 2%, and then gradually increases. In the case of the coated samples, the 2% solutions is the proper concentration to get the highest conductivity. Hongshui Wang [7] reported that the silver ions or particles would coordinate with O and N in PVP and a covered layer would generate on the surface of the particles. It was supposed that silver ions in solution were captured by surplus PVP on the coated film when samples dipping in AgNO 3 solution, and then reduced into silver atoms which covered by PVP layer after dipping in hydrazine hydrate. However, if the concentrations of two solutions are lower, the atoms were not enough to connect with each other, therefore the conductivity was lower when the concentrations were both 1%. When increasing up to 2%, more silver ions will be reduced, meanwhile, the dispersant PVP was not changing any more, but the silver atoms were in the opposite, which were connected and protected by the dispersant PVP. When the concentration was larger, more silver ions captured by PVP in AgNO 3 solution were changed to AgOH in hydrazine hydrate at some extent, for the high pH value of latter solution [2] . More over the silver atoms were formed in films, however, they were exposed in the air condition which was easy oxygenized by O 2 and the PVP was in no use. Maybe the conductivity is decrease after dipping in larger concentration solutions for the two reasons. Sheet resistance/ Ω∕□ T hickness of film Fig.2 displays the sheet resistance of samples printed one to three times and coated (the thicknesses are increasing in order) which are dipped in 10% AgNO 3 solution and 10% hydrazine hydrate solution. It can be seen that the printed samples performed excellent conductivity after dipping in the 10% AgNO 3 and hydrazine hydrate solutions in order. For the common conductive ink-jet printing, it needs more than 1 time for forming the conductive layer, however, in this method, the one printed sample exhibits excellent conductivity, which was benefit for the industry application. In addition, compared with coated samples dipping in 2% solutions with 0.82Ω/□, the printing samples required larger concentration dipping solutions to obtain high conductivity, which may have relationship with the Ag content (thickness) of conductive film before dipping. Herein, the thicker the samples, the lower concentration of solutions were asked to get the conductivity below 1Ω/□. Fig .3 depicts the morphologies of the as coated samples before and after dipping in variable concentrations of AgNO 3 and hydrazine hydrate solutions. When the coated sample was without post treatment, the surface was very rough, and the Ra value was 15.0 nm, which can be seen from the Figure.3 (a) . After dipping, things have been changed. The rough surface has turned into smooth and the Ra values were 14.2nm, 13.9nm and 8.3nm when the solution concentrations were 1%, 2% and 10%, respectively. We can conclude that the new nano-silver particles have been absorbed on the coated surfaces, the more absorbed particles, and the smoother the surface. In addition, the reaction by-products also play an important role on the surface morphology. Therefore, it can be supposed the silver ions have been reduced and the formed silver atoms were connected and then formed a conductive layer. Although the dipped surface is smoother at higher concentration, yet the sample conductivity is not as higher. Since the dipping reaction is not only the reduction of silver ions, but the other products. The whole system changed the concentration of the free electrons and the way that the electrons transport.
Applied Mechanics and Materials
The X-ray diffraction (XRD) measurements were also taken on the as coated samples before and after dipping in AgNO 3 and hydrazine hydrate solutions (both at 2%). The silver crystalline phase (111), (200), (220), (311) and (222) can be detected as shown in the spectra. In our work, the (111) 
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face was the main crystalline direction. The silver crystalline faces were not single which were caused by the low temperature of the synthesized process and the low post treatment temperature. It can be seen clearly the intensity of crystalline faces (111), (200) were enhanced obviously, which means that after dipping treatment, the conductive layer was more pure and more silver atoms were concentrated to connect and formed a good conductivity. 
Conclusions
In this work, a new method was developed for the nano silver ink based printing post treatment. Two solutions, AgNO 3 and hydrazine hydrate were used. In this process, the AgNO 3 and hydrazine hydrate solutions were acted as the silver source and reduction roles, respectively. We found that with proper solution concentrations, the sheet resistance can be down to 0.82Ω/□ when the two solution concentrations were 2%. Moreover, the post treatment process was carried out at the room temperature, and the sintering process was not asked. This method supplies an easy way for the post treatment of the nano-silver ink based printing industry. The mechanism of such dipped process will be studied in the future work.
